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Abstract

Objective: the purpose of this study was to compare the effectiveness of a pre-thickened infant formula
(Nan AR) with a conventional homemade formula in the reduction of regurgitation and vomiting in infants
with gastroesophageal reflux.

Methods: a hundred children, under 12 months, not exclusively breast feeding, were select for the
study. Forty-eight were treated with conventional formula with starch and 52 with pre-thickened infant
formula.

Results: there was no statistically significant difference between the two groups in the improvement
or cure of symptoms, each treatment having been effective.

Conclusions: thickened formulas, pre-thickened or home-thickened, have shown the same efficacy in
the management of gastroesophageal reflux in children.
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Introduction

Gastroesophageal reflux (GER), defined as involuntary
backflow of gastric contents into the esophagus, is one of
the three major causes of consultations with pediatric
gastroenterologists, and accounts for 75% of all esophageal
diseases.1 The reflux may be physiological or pathological
depending on the associated complications.

Physiological GER is common in the first months of life,
but it may occur at any age. Postprandial regurgitation
occurs between birth and the fourth month of life, with
spontaneous resolution, in most of the cases, in the first
year. The intensity of the symptoms substantially decreases
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after six months.2 GER is pathological when signs or
symptoms other than vomiting and regurgitations are present,
with the involvement of the patient’s general clinical status.
The reflux may be primary (due to a dysfunction of the
gastroesophageal junction) or secondary (when it results
from other clinical conditions, such as food allergy or
intestinal obstruction).3

Studies show that, even though many factors contribute
to the development of gastroesophageal reflux, the
inadequate transient relaxation of the lower esophageal
sphincter (LES) is the main etiological mechanism.4,5 This
relaxation of LES is independent from deglutition, not
following the esophageal peristalsis, and lasts longer than
five seconds.6

After an episode of GER one or two swallowing-induced
peristaltic waves occur and remove 90% of the material that
is refluxed into the distal esophagus, and the residual acid
is neutralized by the swallowed saliva.7 During sleep,
salivation and deglutition decrease, increasing the
vulnerability of the esophagus to reflux injury.8 The degree
of exposure of the distal esophagus to the refluxed acid is
the most important factor in the determination of reflux
disease. When esophageal pH rises above 4.0, the refluxate
does not cause any lesion to the esophageal mucosa.9,10

Even though regurgitations and vomiting are most
frequently manifested by children, studies have demonstrated
that less than 20% of the refluxate to the distal esophagus is
regurgitated by infants with GER.11 This may be one of the
reasons for the occurrence of other symptoms associated
with pathological reflux, such as bronchospasm, night cough,
sinusitis, otitis, laryngitis, irritability, epigastric pain, and
low weight gain.

Several complementary exams may help with the
diagnosis of GER, each of them with a specific indication.
The modified barium swallow study (MBS) of the esophagus,
stomach and duodenum, with intestinal transit, may be
utilized for the diagnosis of swallowing disorders, stenosis,
intestinal malrotation, hiatus hernia, and other forms of
obstructions of the digestive tract.12 Upper digestive
endoscopy is recommended for children with symptoms
that suggest peptic esophagitis.12 Scintigraphy with Tc 99m
is useful to study gastric emptying and to detect the presence
of aspiration.12 Ultrasonography is a new method for the
diagnosis of “occult” GER, and its importance is already
well established for the evaluation of gastric emptying.13

Ph-metry monitors esophageal acidification during
prolonged periods, along with the patients’ habitual
activities. It allows associating esophageal acidification
with other symptoms, especially respiratory ones.14

The treatment of physiological GER must be medication-
free at the beginning, because most of the cases tend to
spontaneously improve as the child grows.2 The first step
towards the treatment is to properly inform parents about
the condition, telling them that most of the times GER is just
a physiological process without greater complications.15

The management of GER also includes dorsal decubitus or
lateral decubitus with elevation of the head of the bed at 20
or 30 degrees and diet adequacy.16 Nan AR is an anti-
regurgitation infant formula that can be introduced right
after birth.

The aim of this study was to compare the efficacy of two
diets used as coadjuvant treatment of GER. The first one is
called conventional and consisted of powdered cow’s milk
fortified with vitamin or home-prepared modified infant
formula (starting infant formula and follow-up formula
according to age). The second diet, called prethickened
infant formula consisted of the anti-regurgitation infant
formula (Nan AR).

Method

Prospective case-control study carried out with 100
children with GER. After the admission appointment with
the doctor, the patients were followed up for three months
at the Pediatric Gastroenterology Outpatient Clinic of
Hospital das Clínicas da Universidade Federal de Minas
Gerais (UFMG). During the first month, the follow-up was
made on a weekly basis and, after that, fortnightly, totaling
eight consultations for each patient.

The study included all children aged between 0 and 12
months who had a clinical diagnosis of GER and who had
sought the Service of Pediatric Gastroenterology of the
Hospital das Clínicas da Universidade Federal de Minas
Gerais between June 1999 and August 2000. The children’s
families signed a free and informed consent form and
agreed to the participation of their children in the study. The
study was approved by the Ethics and Research Committee
of UFMG.

Patients with pathological GER secondary to other
diseases, such as malformations of the upper digestive tract,
intestinal motility and swallowing disorders, cerebral palsy,
and genetic and metabolic diseases, were excluded. Children
with “occult” GER (who did not show symptoms such as
vomiting or regurgitation), endoscopically confirmed
esophagitis, cow’s milk allergy, and patients on exclusive
breastfeeding were not included in the study.

The children were randomly selected to participate in
one of the groups. One group received the conventional
formula (products A, B or C according to the child’s age),
which was home-prepared with cornstarch, while the other
group received the anti-regurgitation infant formula (Nan
AR) (Product C).

Table 1 shows the several milk formulas used during the
study. Product A was the infant formula used at the start (for
children aged between 0 and 6 months); product B was the
follow-up infant formula (for children older than six months);
and product C consisted of the anti-regurgitation formula
(Nan AR).

The groups were compared according to the acceptance
of the diets in relation to the number of episodes of vomiting
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and regurgitation. These data were obtained through a
questionnaire, which was applied to the child’s guardian on
each follow-up visit. Furthermore, the patients were
measured and weighed by the researchers, using the same
equipment. Regurgitation was considered when the food
passively returned to the mouth without being followed by
other alterations and vomiting, when associated nausea and
malaise occurred.

The patients’ socioeconomic characteristics (such as
family income, number of persons per home, whether the
house was rented or not, and mother’s level of education),
as well as their anthropometric characteristics, which were
obtained from each group in the questionnaire and on the

examination, were used to evaluate if both groups were
similar.

Through the questionnaire, they observed whether the
child presented some other associated symptoms, such as
colics, diarrhea, abdominal distention, or intestinal
constipation.

Patients were considered cured when the initial symptoms
disappeared and clinical improvement was considered when
there was a 50% reduction or more in the frequency of their
regurgitation and vomiting.

Both groups were compared as to their basic
characteristics using the following tests: Student’s t-test,
Wilcoxon test, Chi-square test, and ordinal logistic

Table 1 - Composition of the studied formulas

Product A Product B Product C

Energetic value kcal/kg 100/418 100/418 100/418
Energetic value kcal/100 ml 67 67 67
Fat g 5.1 4.4 4.7
Total proteins g 2.24 3.3 2.6
Carbohydrates g 11.4 11.8 11.8
Dietary fibers g – – –
Minerals g 0.37 0.64 0.57
Sodium mg 24 44 37
Potassium mg 98 135 116
Chloride mg 65 87 79
Calcium mg 63 114 92
Phosphorus mg 31 82 74
Magnesium mg 7 9 8
Manganese µg 7 7 11
Humidity g 0.59 0.62 0.61
Vitamin A UI 350 400 350
Vitamin D UI 60 903 60
Vitamin E UI 1.2 1.2 1.2
Vitamin K1 µg 8 4.5 8
Vitamin C mg 10 10 10
Vitamin B1 mg 0.07 0.15 0.07
Vitamin B2 mg 0.15 0.24 0.15
Niacin mg 1 2.7 1
Vitamin B6 mg 0.075 0.2 0.075
Folic acid µg 9 30 9
Pantothenic acid mg 0.45 0.7 0.45
Vitamin B12 µg 0.3 0.2 0.3
Biotin µg 2.2 3.4 2.2
Choline mg 10 10 10
Inositol mg 5 5 5
Taurine mg 8 8
Carnitine mg 1.6 1.6
Iron mg 1.2 1.7 1.2
Iodine µg 15 21 15
Copper mg 0.06 0.12 0.06
Zinc mg 0.75 1.2 0.75
Ca/P ratio 2.0 1.4 1.2
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regression,17 according to the characteristics and scale used
to register each variable. MINITAB and SPSS programs
were used. For the comparison of outcome profiles, the
technique of longitudinal analysis for ordinal data was
employed.18

Results

By means of random selection, 48 patients were recruited
for the group that received the conventional diet, while 52
patients were chosen for the group to which the prethickened
infant formula (Nan AR) was administered.

The data referring to the socioeconomic characteristics
(Table 2) showed that the random selection was valid, since
no differences were found between the groups. In this table,
the mother’s level of education was registered on the
interval scale, whose values have the following meaning:

1) no school education;
2) incomplete elementary school;
3) complete elementary school;
4) incomplete high school;
5) complete high school;
6) incomplete college;
7) complete college.

The severity of the disease was evaluated according to
the frequency of vomiting registered on an interval scale
(Table 3), whose values have the following meaning:

0- absence of vomiting;
1- up to three times a week;
2- from 4 to 6 times a week;
3- from 7 to 10 times a week; and
4- more than 10 times a week.

The frequency of regurgitation was also registered on
the scale:

0- no regurgitation;
1- up to 1 episode a day;
2- from 2 to 4 episodes a day;
3- from 5 to 7 episodes a day; and
4- more than 7 episodes a day.

The presence of other associated symptoms such as
colics, diarrhea, abdominal distention, or intestinal
constipation was evaluated as follows: when present, it was
expressed by number 1; when absent, it was represented by
0. The mean values of each group are shown in Table 3.

The diets were very well accepted in both groups.

In the conventional group, 42 children presented
regurgitation, and in the group that received the prethickened
infant formula, 48 patients reported this symptom.

At the end of eight consultations with the doctor, the 42
patients in the conventional group had a rate of cure of
40.5% and the 48 patients in the group that used the
prethickened infant formula presented a rate of cure of
52.1%, because they no longer presented the initial
symptoms. The difference between both rates is not
significant according to Fisher’s exact test (p = 0.297).

An improvement rate of 78.6% was observed in the
conventional treatment and of 77.1% in the group that used
the prethickened formula, since in these groups there was a
50% reduction in symptoms. This difference was not
significant according to Fisher’s exact test (p = 1.00).

The GER stage of each patient was registered at the end
of the seven follow-up consultations with the following
scale:

1- cured;
2- clinical improvement;
3- stability;
4- worsening, using the technique of ordinal logistic

regression; referred to as outcome. There was no
statistically significant difference between the groups
(p = 0.413).

Table 2 - Anthropometric characteristics of patients at the beginning of the study, and socioeconomic
charateristics of their families

Conventional formula Nan-AR p value
(n = 48) (n = 52)

Family income (minimum salaries) 2.39 2.57 0.495*

Number of people living in the house 5.0 5.0 0.738*

Rented house (yes or no) 27% 19% 0.351 §

Mother’s educational level 3.0 2.8 0.714*

Weight (kg) 6.560 6.285 0.473*

Height (cm) 62.95 61.46 0.313*

* t  test for comparison between two means.
§ Chi-square.
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Table 3 - Comparison between both groups according to the severity of the disease at the beginning
of the study

Conventional formula Nan-AR p value
(n = 48) (n = 52)

Vomiting 1.96 2.08 0.749*
Regurgitation 2.83 2.80 0.894*
Cramps (yes or no) 0.19 0.12 0.353 §

Diarrhea (yes or no) 0.12 0.05 0.320 §

Abdominal distention (yes or no) 0.06 0.14 0.290 §

Intestinal constipation (yes or no) 0.12 0.09 0.775 §

* t  test for camparison between two means.
§ Chi-square test.

Each patient generated seven observations, which
constituted his or her clinical outcome profile. The most
demanding comparison between both groups is the one that
uses the patients’ profiles. Since the elements that compose
the profile are ordinal observations, it was necessary to use
more sophisticated statistical techniques.26 No statistically
significant difference was observed (p = 0.30).

In order to compare both groups in relation to the
occurrence of vomiting, the same criteria and options applied
to regurgitation were used.

In the group that received the prethickened formula, 33
patients complained of vomiting and 28 children presented
this symptom in the other group.

At the end of seven consultations, 60.7% of 28 patients
in the conventional group were cured. Similarly, in the
group that was using the prethickened formula, there were
33 patients, and the rate of cure was 66.7%. The difference
between these two rates was not significant according to
Fisher’s exact test (p = 0.790).

An improvement rate was observed in 72% of the 25
patients under conventional treatment and in 69.7% of the
33 patients in the group that was using the prethickened
infant formula. This difference was not significant according
to Fisher’s exact test (p = 1.00).

Concerning the outcome, the comparison between both
groups by means of ordinal logistic regression showed no
significant difference (p = 0.329).

No statistically significant difference was observed in
the profile of the groups (p = 0.092).

Discussion

It is known that dietary regimens are very important to
the treatment of GER; therefore, the following are
recommended: thickening of milk formulas, increase in
feeding frequency and decrease in the amount consumed at
each meal.

Studies demonstrate that a greater food viscosity reduces
the frequency of GER.15,16,19,21 The thickening of the diet
can be done by means of anti-regurgitation formulas and
addition of carbohydrates (cereal starch) to milk.22 High
osmolarity solutions reduce gastric emptying23 and increase
the frequency of GER episodes.24

The study was designed in order to compare the efficacy
of the dietary treatment of gastroesophageal reflux based on
prethickened infant formula (Nan AR) with the conventional
thickening formula. Both groups were randomly selected
and presented similar data concerning the anthropometric
evaluation of the children and the socioeconomic
characteristics of the families.

In the anti-regurgitation infant formula (Nan AR),
carbohydrates were separated into lactose (76%) and
cornstarch (24%). The presence of pregelatinized starch
(1.9g/100 ml) provides an appropriate viscosity for the
reduction of the number of regurgitations. It offers a calorie
supply of 67 kcal/100 ml, separated into carbohydrates
(47.4%), proteins (10.4%) and fat (42.2%). It does not
contain additives. The levels of trace elements, vitamins
and proteins are adapted to the infant’s nutritional needs.
The casein (70%) and soluble milk protein (30%) ratio
contributes towards reducing the acidity of the gastric
contents and the regurgitation episodes. The fat (80% of
milk and 20% of corn oil) is found in a proper concentration
(4.7g/100 ml). Vegetable oils are added to supply necessary
quantities of linoleic and linolenic acids.

Several studies have been carried out to demonstrate the
efficacy of the use of Nan AR in the treatment of GER. Pina
and Carnicé25 studied 25 infants who were younger than
four months with diagnosis of physiological GER, who
received the aforementioned formula for 14 days. They
observed the resolution of the symptoms in 10 cases and an
improvement in 15 others within a 14-day period. Valverde
et al.26 analyzed 51 infants and verified an improvement in
symptomatology seven days after this formula was used.
Just one child presented meteorism, a milk-associated side
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effect. Benavent et al.27 also observed improvement of
GER after the use of the Nan AR anti-regurgitation infant
formula; they did not use postural measures in the treatment.
Calderón et al.28 demonstrated good acceptance of the
formula in 96.6% of the cases.

In this study, the comparison between the Nan AR
prethickened formula and the postthickened formula (milk
with cornstarch) did not show statistically significant
differences as to the improvement or disappearance of the
symptoms. No side effects associated with the use of the
tested dietary regimen were verified. The advantages of the
diet include nutritional balance and adequacy to the child’s
need,29 which prevents childhood obesity. A study carried
out by Bosscher showed that the absorption of calcium, iron
and zinc is lower when homemade thickening formulas are
used in comparison with anti-regurgitation infant formulas.30

The comparison between the prethickened formula with
pregelatinized starch and conventional thickening did not
show any differences as to the improvement or cure of
vomiting and regurgitations. Both were very effective.
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